Among long-term (Ն5 y) colorectal cancer survivors with permanent ostomy or anastomosis, we compared the incidence of medical and surgical complications and examined the relationship of complications with health-related quality of life.
A pproximately 148,800 new cases of colorectal cancer (CRC) were reported in 2008. 1 Most of these required surgery, some of which involved rectal excision. Permanent ostomy was most common with low rectal tumors, but was also placed because of comorbidities or poor anal sphincter function. In addition, anticipated temporary ostomy, placed to protect an anastomosis or in an emergency setting, might become permanent when performance status worsened or a procedure-related problem occurred.
The Health-Related Quality of Life in Long-Term Colorectal Cancer Survivors Study was undertaken to elucidate experiences and correlates of health-related quality of life (HRQOL) among long-term colorectal cancer survivors with ostomy compared with anastomosis. 2 The study's results provide the basis for developing and evaluating clinical interventions aimed at mitigating ostomyrelated HRQOL deficits for these patients. 3, 4 A previous report from the study reported HRQOL deficits in ostomates compared with patients with anastomoses. 5 Other reports from the study have examined sleep disruption and fatigue, 6 dietary adjustments, 7 male partner support in relation to female psychosocial adjustment, 8 household income as a predictor of psychological well-being, 9 and the greatest challenges faced by long-term CRC survivors with ostomy. 10 The study we report here was undertaken to better understand the risk of medical complications in relation to CRC surgery. We also sought to understand the impact of complications on total HRQOL for CRC survivors. Only 2 previous reports have examined these issues with use of actuarial methods. 11, 12 By gaining a better understanding of surgical complications among CRC survivors and the impact on HRQOL, surgeons and others caring for these patients can anticipate issues and intervene when possible.
MATERIALS AND METHODS
Details of the study's methods are described elsewhere. 2 In brief, the study was set among members of 3 Kaiser Permanente regions, with project coordination at the Southern Arizona Veterans Affairs Health Care System. Approval of institutional review boards from each site was obtained.
Study Participants
The study included adult CRC 5-year survivors who were members of the Kaiser Permanente Medical Care Program during the recruitment period (2002) (2003) (2004) (2005) . In Northern California, CRC had been diagnosed in the participants at Kaiser Permanente. Northwest and Hawaii Kaiser Permanente participants included 19 patients in whom CRC had been diagnosed outside the health plan. Patients were selected based on whether they had ostomy (patients) or anastomosis (controls) at the time of recruitment. Some of the patients with ostomies had a prior anastomosis. However, none of the patients with anastomoses had a temporary ostomy, because those patients were excluded from the study. Anastomosis controls were matched to ostomy cases on cancer site, coded as rectum (International Classification of Diseases for Oncology codes C19.9 and C20.9) vs colon (C18.0 -C18.9), time since cancer (within 5 y), age (within 10 y), and gender.
Data Collection
The modified City of Hope Quality of Life for Ostomates questionnaire (mCOH-QOL-Ostomy) was used to assess HRQOL, 4 with modifications allowing survey of patients with anastomosis. The mCOH-QOL-Ostomy has demographic, nonscaled, and scaled (0 -10) items. The nonscaled items assess marital status, work, household income, health insurance, sexual activity, psychological support, and diet. The scaled items are mapped onto one of 4 HRQOL domains (physical, psychological, social, and spiritual well-being) based on psychometric analysis. 4 The overall HRQOL score is calculated as the mean of items across all domains. The mCOH-QOL-Ostomy was modified for anastomosis subjects by referencing questions to their surgical treatment for CRC and by eliminating 8 ostomy-specific items. As described in our earlier report, 2 the reliability of the ostomy and anastomosis versions were very nearly identical. Convergent evidence for construct validity was demonstrated by correlating the 2 versions of the QOL scale with corresponding scales on the SF-36v2, with both the ostomy and anastomosis scales demonstrating a similar Pearson product moment.
Linkage to computerized data provided information on the characteristics of the cancer and its treatment, diabetes in the year before surgery, the patient's Charlson-Deyo Comorbidity Index 13 in the year before survey, and complications. Complications of interest (Appendix) were defined a priori. We counted as early complications those that were first recorded within 30 days of the surgery. We classified late complications as occurring Ն31 days after surgery. Only the first occurrence of each complication was counted. Body mass index (BMI), ascertained from the patient survey, was examined as a covariate in the analysis of poor HRQOL.
Statistical Analysis
All data analyses were performed using SAS version 9.13 (SAS Institute, Inc, Cary, NC). For all cases and controls with a diagnosis of CRC while enrolled at Kaiser Permanente, follow-up for complications began on the date of the index ostomy or anastomosis surgery. For 19 patients in whom CRC had been diagnosed outside the health plan, follow-up began on the date of their first enrollment. For all patients, follow-up ended on the date of the patient's disenrollment, death, or December 31, 2006. Gaps in enrollment were removed from follow-up.
We computed the cumulative probability of developing Ն1 complication by use of Kaplan-Meier analysis. 14 Cox proportional hazards analysis with allowance for late entry was used to compute the adjusted hazard ratios (HRs) and 95% CI. 15 Time since surgery was used as the time axis. P values were obtained by use of the likelihood ratio test. Analyses were adjusted for age at survey, diabetes in the year before surgery, 16 Charlson-Deyo Comorbidity DISEASES OF THE COLON & RECTUM VOLUME 53: 2 (2010) Index in the year before the first cancer surgery, tumor site (colon, rectum), and initial radiation therapy.
We dichotomized the overall HRQOL score and compared low and high HRQOL by use of logistic regression analysis. 17 In addition to the variables in Cox proportional hazard model, BMI at the time of survey (Յ26, 27-29, and Ն30 kg/m 2 ) was included in the model.
Because of clinical differences between colon and rectal cancer, we performed subgroup analysis for all hypotheses for patients with rectal cancer only; the number of patients with colon cancer with ostomy was too small for meaningful interpretation.
RESULTS

Demographic Characteristics, Rehospitalization, and Subsequent Surgeries
Response rates to the mailed questionnaire were 51% (Northern California), 62% (Northwest), and 37% (Hawaii), as detailed in an earlier publication. 2 The denominator used in this calculation excludes incorrect addresses (Ͻ3%), ineligible patients, and deaths, but includes nonrespondents after follow-up telephone calls and frank refusals. In total, 679 long-term CRC patients responded (284 patients with ostomies and 395 with anastomoses). Patients with ostomies had disproportionately more rectal cancers than anastomosis controls (88% vs 63%, P ϭ .0001), but did not differ on other characteristics (Table 1) . Ostomy and anastomosis survivors were followed up an average of 12.1 and 11.2 years, respectively. Compared with anastomosis controls, a larger proportion of patients with ostomies were Hispanic (7% vs 4%, P ϭ .05), had Ն2 comorbid conditions (51% vs 40%, P ϭ .03), or received radiation therapy (36% vs 19%, P Ͻ .0001) for their initial tumor.
The risk of rehospitalization within 30 days was similar among the ostomy (1.4%) and anastomosis (2.0%) groups (P ϭ .55) ( Table 2 ). Over the course of follow-up, patients with ostomies were more likely than anastomosis controls to have multiple surgeries (P Ͻ .0001), and among those with multiple surgeries, the time from the first to the second procedure was longer in the ostomy cases (Ͼ1 y, 57% vs 40%, P ϭ .008). Restriction of the study to patients with rectal cancer only did not change these findings (Table 3) .
Risk of Complications
During the early postoperative period (0 -30 d), we observed the following risks in the patients with ostomies: hemorrhage, 6.3%; peritonitis, 3.5%; urinary retention, 3.2%; intra-abdominal organ injury, 2.1%, urinary tract infection, 1.8%; congestive heart failure (CHF), 1.4%; and fistula, 0.7%. Relative to anastomosis controls, patients with ostomies had an increased risk of peritonitis, postoperative infection, and gastrointestinal hemorrhage (HR 2.5; 95% CI 1.1-5.8) and (HR 6.9; 95% CI 1.4 -32.8) (Table  4 ). In the ostomy group, the risk of early complications of ostomy was 1.4%; in the anastomosis group, the risk of early complications of anastomosis was 5.8%. Other complications of interest were recorded in fewer than 5 survivors across both the ostomy and anastomosis groups during the early postoperative period. The risk of early complications overall was 19.0% among ostomy cases and 10.4% among anastomosis controls (HR 1.9; 95% CI 1.2-2.9; P ϭ .003). These findings were similar in an analysis restricted to patients with rectal cancer only ( Table 5) , for whom intra-abdominal organ injury was identified more commonly as a complication of ostomy (HR 10.0; 95% CI 1.1-89). During the average 12 years of late postoperative (Ն31 d following hospitalization) follow-up among the patients with ostomies, we observed hernia in 31.7%, urinary retention in 22.5%, skin conditions in 20.2%, gastrointestinal hemorrhage in 14.5%; urinary incontinence in 12.6%, intestinal obstruction without hernia in 9.8%, intestinal infection in 8.3%, fistula in 7.2%, radiation enterocolitis in 5.3%, and peritonitis in 4.4%. In patients with ostomies, the cumulative probability of developing a late complication of ostomy was 19.6%. During the average 11 years of late postoperative follow-up among the anastomosis controls, the cumulative probability of a late anastomosis complication was 9.0%. Compared with anastomosis controls, patients with ostomies had an increased risk of intestinal obstruction without hernia (HR 2.0; 95% CI 1.0 -4.1), fistula (HR 5.4; 95% CI 1.4 -21.2), and urinary incontinence (HR 2.7; 95% CI 1.1-6.5). The cumulative probability of late complications overall was 68.7% among patients with ostomies and 67.1% among anastomosis controls (HR 1.6; 95% CI 1.2-2.2).
In analysis of patients with rectal cancer only, the frequency of several complications was notably lower ( Table  5 ). Less common were hernia of the abdominal cavity (ostomy 11.6%, anastomosis 9.4%), urinary retention (ostomy 6%, anastomosis 1.3%), hemorrhage (ostomy 6.0%, anastomosis 4.1%), urinary incontinence (ostomy 2.1%, anastomosis 0.0%), and intestinal infection (ostomy 1.8%, anastomosis 1.3%). Nonetheless, the relationship of ostomy with these late complications did not change substantially, although the confidence intervals widened. Among patients with rectal cancer, any late complication was identified in 37.0% of patients with ostomy and 19.5% of patients with anastomosis (HR 1.8; 95% CI 1.3-2.5). Figure 1 provides the cumulative probability of complication-free survival for ostomy and anastomosis separately for patients with colon and rectal cancer. The risk of late complications in patients with ostomies was 41.8% at 10 years and 54.8% at 20 years; for anastomosis controls, risk of late complications was 24.7% at 10 years and 54.0% at 20 years. Over the follow-up period, patients with ostomies developed more late complications than anastomosis controls did (P Ͻ .0001).
Risk Factors for Complications
A Charlson-Deyo Comorbidity Index of Ն2 was associated with early and late complications, whereas diabetes in the year before surgery was associated with late complications ( 
DISCUSSION
We evaluated the risk of complications, risks factors for complications, and the role of late complications in HRQOL among long-term CRC survivors. Study strengths included the following: (1) community-based setting, (2) restriction to CRC survivors, (3) comparison of ostomy to anastomosis, (4) large sample size, (5) long follow-up, (6) multivariate Cox modeling, and (7) a clearly defined list of complications. In addition, the study was novel in examining ostomy complications in relation to HRQOL. In our previous report, both male and female patients with ostomies had significantly worse social well-being than patients with anastomoses (men, 7.2 vs 8.2; women, 7.2 vs 8.5; both P Ͻ .001), whereas only female ostomates showed significantly worse overall HRQOL (7.0 vs 7.8, P ϭ .002) and psychological well-being (6.8 vs 7.8, P Ͻ .001). 5 Comparison of our findings with earlier studies is challenging because of differences in the reason for ostomy, in the ascertainment and classification of complications, in the length of follow-up, and in the analysis. In comparing our study with earlier reports, we give emphasis to studies that had complete follow-up or used actuarial methods. This study did not have information on the American Society of Anesthesiologists score, a predictor of immediate postoperative complications, although we did adjust for the Charlson-Deyo comorbidity score in the year before the surgery. Neither did we know the exact location of the tumor relative to the anal verge. Two other features of our study design should be considered while interpreting the results. First, by design, all participants in our study were alive at the time of survey. Thus, in contrast to earlier reports, this study represents long-term CRC survivors. Second, our ascertainment of complications was from computerized clinical data recorded by the physician. An important limitation of the study, inherent with computerized clinical data, is the presence of random coding errors that would lead to a diminution of the associations. Also, less serious conditions might have been undercoded when patients presented with more serious concerns. Computerized data are also less detailed; most notable in our study was the lack of detailed information on complications related directly to the ostomy, which could include poor stoma location, stoma necrosis, and prolapse, for example. Nor could we identify pouchitis as a complication of anastomosis. In a UK study with prospective data collection, an appreciable proportion of patients had stomal complica-tions at 12 months, including retractions (24%), poor sitings (19%), skin excoriation (12%), and appliance detachments (12%). 16 The response rate of 51% should further be considered in interpreting our study; it is possible that We dichotomized the overall COH-QOL-Ostomy score by 0 -6 (low) and 7-10 (high). The odds ratio and 95% CI for the relationship between complications and low HRQOL, compared with high HRQOL, was assessed separately for the ostomy and anastomosis groups, and for the 2 groups combined, by use of logistic regression analysis. a Adjusted for age at survey (categorical), diabetes (yes, no), Charlson-Deyo Comorbidity Index in the year before the first cancer surgery (none, 1, 2ϩ), tumor site (colon, rectum), and initial radiation therapy (yes, no) and BMI (Յ26, 27-29, and Ն30 kg/m 2 ), with HRQOL as the dependent variable modeling the probability of the total COH-QOL-Ostomy score Յ6. b In addition to the variables listed above, we further adjusted for ostomy status.
nonrespondents differed from respondents in their rate of complications and in their HRQOL. If so, we may have underestimated or overestimated rates of complication. Any difference that was systematic between patients with ostomies and anastomoses may have biased the results to some degree.
Early complications.
A previous study from our health plan 18 that included patients with a variety of underlying indications undergoing ostomy from 1992 to 2002, observed a 30-day rehospitalization risk of 5.2%, compared with this study in which the risk among ostomy survivors was 1.4%. A possible explanation for this difference is the more common emergency hospitalization of cases of inflammation and infection, with greater risk for early rehospitalizations. During the early postoperative period (0 -30 d), we observed a 2.5-fold difference in hemorrhage and a 6.9-fold difference in the risk of peritonitis and postoperative infection between patients with ostomies and anasto-mosis controls. The earlier report from our health plan 11 estimated the risk of CHF to be 2.9%, compared with 1.4% in this report, and infection to be 5.2%, compared with 3.5% observed here. Risk of infection was appreciably higher, 14.6%, among 137 patients with rectal cancer undergoing anastomosis in a Mexican surgical oncology department. 19 A retrospective study of 132 patients with ostomies ascertained from 1998 to 2005 at an Italian surgical center, and followed up for a mean of 4 months, observed complications including dermatitis (32%), parastomal hernia (22%), leakage (12%), and stenosis (15%). 20 These were recorded in our computerized databases in less than 1% of our ostomy and anastomosis subjects during the first 30 days after surgery, with the period of follow-up and method of ascertainment of these complications providing a possible explanation for the difference between the 2 studies. We dichotomized the overall COH-QOL-Ostomy score by 0 -6 (low) and 7-10 (high). The odds ratio and 95% confidence interval for the relationship between complications and low HRQOL, compared with high HRQOL, was assessed separately for the ostomy and anastomosis groups, and for the 2 groups combined, by use of logistic regression analysis. a Adjusted for age at survey (categorical), diabetes (yes, no), Charlson-Deyo Comorbidity Index in the year before the first cancer surgery (none, 1, 2ϩ), tumor site (colon, rectum), and initial radiation therapy (yes, no) and BMI (Յ26, 27-29, and Ն30 kg/m 2 ), with HRQOL as the dependent variable modeling the probability of the total COH-QOL-Ostomy score Յ6. b In addition to the variables listed above, we further adjusted for ostomy status.
A study from St. Marks Hospital, London, followed up for 12 months 289 patients with a variety of underlying conditions who underwent surgery between 1971 and 1980. 11 Twelve percent of patients with ostomies developed a parastomal hernia at one year. 16 A study that followed up 408 patients with ostomies and ileostomies for 2 years reported parastomal hernia among 40% of patients with colostomies; 10% of these hernias "major" because they affected the appliance. 21 Late complications. In this study, the average length of follow-up was 12.1 years for the patients with ostomies and 11.2 years for the anastomosis controls. The St. Marks study 11 included 289 patients with anal and rectal cancer who had permanent end-sigmoid colostomies performed from 1971 to 1980 and were observed for 10 to 13 years. Actuarial risks were as follows: hernia, 37% at 10 years (vs 32% in this study); skin disorder, 17% at 11 years (vs 20% in this study,); obstruction, 14% at 13 years (vs 13% in this study); with only 2 patients observed with fistula (12 cases observed in this study; actuarial risk, 7.2%). In our analysis of patients with rectal cancer only, risks were lower than those in the St. Marks study, possibly because of improvements in outcomes over time. In the Swedish Rectal Cancer Trial (1987-1990) of 908 patients, the actuarial risk of bowel obstruction at 10 years was 17% among those not receiving and 7% among those receiving preoperative radiation therapy, 12 compared with 9.8% in this study (7.0% among patients with rectal cancer only).
With respect to late complications, older survivors and survivors with severe systemic disease (American Society for Anesthesiologists grade 3) were at increased risk of hernia and other complications in 2 earlier reports. 11, 22 We did not observe age to be a predictor of ostomy complications after adjusting for comorbidity.
We have previously reported on the multiple complications stemming from surgical treatment for colorectal cancer, including bleeding, anastomotic leak, and myocardial infarction, as well as longer-term complications, such as hernia, fistula, bowel obstruction, and sexual dysfunction. In addition, there may be ostomy-specific complications such as peristomal hernia, retraction, prolapse, stenosis, and skin irritation. 23 Despite recent technical advances, risk of complications from ostomy remain high. We recommend further research to improve prevention and management. In particular, fistula, but indeed nearly all of the complications evaluated in our study were associated with lower HRQOL. This pattern was observed among ostomy survivors, but not among anastomosis survivors, and to our knowledge has not previously been reported. Increasing clinical awareness of the implications of complications for HRQOL should lead to greater use of resources in this patient population.
Appendix: ICD-9 codes for the ostomy complications included in this study 
